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Abstract
In order to combat global warming and climate change issues and facilitate economic
prosperity in the same time, it is important to understand the possible tradeoffs between
economic growth and environmental degradation. In this thesis, we evaluate the
hypothesis of an N-shaped environmental Kuznets curve (EKC). Using panel data
analysis, we investigate the relationship between CO2 emissions, GDP per capita,
renewable energy consumption, technological development, trade, and institutional
quality for 74 countries over the period of 1994 to 2012. We find (i) evidence for the Nshaped EKC when using pooled OLS regressions for all income groups but upper-middleincome countries; (ii) heterogeneous results regarding the N-shaped EKC across income
groups and quantiles when using quantile regressions; and (iii) a clear and consistent
negative relationship between renewable energy and CO2 emissions, indicating the
importance of promoting greener energy to combat climate change.

Keywords: Environmental Kuznets Curve, N-shaped EKC, CO2 emissions, Renewable
Energy, Technologic Development, Trade, Institutions, Quantile Regressions
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Sammanfattning
För att bekämpa klimatförändringar och samtidigt möjliggöra ekonomiskt välstånd är det
viktigt att förstå de möjliga avvägningarna mellan ekonomisk tillväxt och miljöförstöring.
I denna uppsats utvärderar vi hypotesen om en N-formad miljökuznetskurva (EKC). Med
hjälp av paneldataanalys undersöker vi förhållandet mellan koldioxidutsläpp, BNP per
capita, förnybar energi, teknologisk utveckling, internationell handel och institutionell
kvalitet för 74 länder under perioden 1994 till 2012. Vi finner (i) bevis för en N-formad
EKC för alla inkomstgrupper förutom övre medelinkomstländer när poolad OLS används
som skattningsmetod; (ii) heterogena resultat gällande en N-formad EKC, både mellan
och inom de olika inkomstgrupperna, när vi använder oss av kvantilregressioner; och (iii)
ett tydligt och konsekvent negativt förhållande mellan förnybar energi och
koldioxidutsläpp, vilket pekar på vikten av att främja grönare energi för att kunna
bekämpa klimatförändringar.

Nyckelord: Miljökuznetskurvan, N-formad EKC, Koldioxidutsläpp, Förnybar Energi,
Teknologisk Utveckling, Internationell Handel, Institutioner, Kvantilregressioner
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1 Introduction
Environmental degradation can have devastating consequences for humanity, such as
health impacts, floods, droughts, damage to ecosystems, and adversely affected economic
growth (IPCC, 2014). At the same time, human activity is the main driving force behind
climate change (Steffen et al., 2011). In the economic literature, the relationship between
environmental degradation and economic growth is well known as the environmental
Kuznets curve (EKC). The EKC suggests that environmental degradation initially rises with

per capita income. However, with economic growth comes an increased demand for
environmental quality, leading to a decreasing environmental deterioration (Hussen,
2005). This constitutes an inverted U-shaped relationship between income and
environmental degradation, which is the original hypothesis of the EKC. However,
studies have observed that the relationship might be N-shaped (e.g. Bhattarai, Paudel, &
Poudel, 2009; Álvarez-Herranz & Balsalobre Lorente, 2016). The N-shaped EKC
suggests that environmental degradation will start to rise again beyond a certain income
level. Yet, even if this N-shaped relationship has been empirically documented in
previous studies, few have examined why environmental degradation once again would
rise with income. This thesis will therefore evaluate the N-shaped EKC in order to better
understand the pollution-income relationship.
In recent years, global warming and climate change have emerged as one of the
international community’s most serious problems (Duan et al., 2016). During the Paris
Climate Conference in 2015, officially known as the 21st Conference of the Parties
(COP21), several goals for keeping the rise in global temperature well below two degrees
were set up (United Nations, 2017a). In order to combat climate change issues alongside
economic prosperity and to reach the COP21 goals, it is important to understand the effect
of economic growth on the environment. For example, if there is an inverted U-shaped
EKC, environmental improvements would eventually occur as economies grow.
Consequently, humanity could, without significant deviations, go back to business as
usual and still achieve environmental sustainability (Stern, 2004). To obtain
environmental sustainability without extensive changes would be an attractive vision for
many and could be used as an argument for not implementing environmental policies.
However, if the EKC is N-shaped this strategy may have devastating consequences.
1

In the OECD countries, the demand for energy is on a declining path and there is a shift
in the global consumption of energy towards industrializing and urbanizing countries
(International Energy Agency, 2016).1 Two of the 17 goals included in the 2030 Agenda
for Sustainable Development, adopted in 2015, is to end poverty and combat climate
change (United Nations, 2017b). Meanwhile, the demand for energy increases as
lifestyles improve (Dincer, 2000). In order to develop and apply policies, as we work
towards both goals, we need to investigate the shape of the EKC in areas where the
transition from poverty may occur. It is therefore important to study middle-income
countries, since these countries are home to 73 percent of the world’s poorest people and
five billion out of the world’s seven billion people live there. Further, middle-income
countries are the major drivers of the global growth (World Bank, 2017a).
Middle-income countries are a diverse group ranging from small nations, both by income
and population, to major engines in global growth, such as China. We therefore break
down middle-income economies in two groups, divided by their income, to control for
their diverse nature and the different challenges they might face. Since middle-income
countries are not as developed as high-income countries and do not extend as far on the
EKC, it is also important to examine high-income countries. We therefore include them
as a benchmark in order to analyze a wider range of the EKC.
The purpose of this study is to evaluate the hypothesis of the N-shaped EKC. To this end,
we analyze how different countries’ environmental degradation is affected by their
economic development. Further, we compare three different groups of countries: lowermiddle-income countries, upper-middle-income countries, and high-income countries.2
Since environmental degradation is not only affected by economic development we also
include variables to control for the effects of renewable energy consumption,
technological development, trade, and institutional quality on environmental
degradation.3 We aim to answer the following research questions:

1

By energy we mean the energy used in industry, transport, residential, commercial and public services,
agriculture/forestry, fishing and non-specified (International Energy Agency, 2017a).
2
Lower-middle-income countries, upper-middle-income countries, and high-income countries have a GNI
per capita between $1,026 and $4,035, $4,036 and $12,475, and $12,476 or more, respectively (World
Bank, 2017b).
3
By renewable energy we mean energy from solar, wind, geothermal, hydropower, bioenergy and ocean
power (International Energy Agency, 2017b).
2

1. What does the relationship between environmental degradation and economic
development look like for lower-middle-income countries, upper-middle-income
countries, and high-income countries?
2. How can environmental degradation be explained by renewable energy use,
technological development, trade, and institutional quality?
We applied panel data analysis in order to investigate the relationship between CO2
emissions, economic growth, renewable energy use, technological development, trade,
and institutional quality. The econometric models used were pooled OLS, fixed effects
model (FEM), and quantile regressions. We chose to mainly focus on the quantile
regressions as it provides a more complete picture of the relationship between the
variables. Instead of only focusing on the mean, quantile regressions let us evaluate the
EKC at different levels of CO2 emissions. Annual data were obtained from the World
Development Indicators (WDI) and from the Freedom House database, covering 74
countries over the period of 1994–2012. This was the longest and most up to date time
series available without reducing our sample, due to missing data. We estimated the
regressions both for the total sample and for the three income groups separately.
This thesis contributes to the existing literature by improving our knowledge of the
possible N-shaped relationship between income and environmental degradation. The
existing literature has mainly focused on different regions, on OECD countries or on
larger samples of countries. Although a small number of studies have focused on different
income groups, none of them have to our knowledge used quantile regressions. Therefore,
there is a gap in the existing EKC literature, which we intend to fill by combining the use
of quantile regressions with income classifications. By breaking down the countries
according to their income level and intensity of CO2 emissions a more complete picture
can be generated. In addition, the existing literature using quantile regressions have to our
knowledge not studied the N-shaped EKC. This study also aims to increase the
understanding of how factors other than income affect the environment. To our
knowledge, renewable energy, technological development, trade, and institutional quality
have not been included all together in the previous literature.
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2 Theoretical Framework
Scarcity is the root of economics. However, environmental sustainability has only
recently become a relevant issue in economic theories (Hussen, 2005; Álvarez-Herranz
& Balsalobre Lorente, 2015). The economy has often been given priority in policies and
the environment has been treated as something separate from human activity (Giddings,
Hopwood, & O'Brien, 2002). Nevertheless, the economy and the environment are
interconnected and a change in one can have significant effects on the other (Giddings,
Hopwood, & O'Brien, 2002; Hussen, 2005). One of the most commonly discussed
theories within the field of environmental economics is the EKC.

2.1 Environmental Kuznets Curve (EKC)
According to the EKC, first proposed by Grossman and Krueger (1991), the relationship
between economic growth and environmental degradation has the shape of an inverted U.
During the early stages of industrialization, economic growth is prioritized over the
environment. This leads to an increasing material output, and thereby a rapid growth in
pollution. However, in the later stages of industrialization, the demand for environmental
quality rises along with increased income. The pollution level starts to decline as people
become more willing to pay for a cleaner environment and environmental regulations
become more effective (Kijima, Nishide, & Ohyama, 2010). The inverted U-shaped EKC
relationship is illustrated in Figure 1.

Environmental
Degradation

Composition
and Technical
Effect

Scale Effect

Agriculture
Sector

Industrial
Sector

Service
Sector
Income

Figure 1 - The different stages of an inverted U-shaped EKC
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Grossman and Krueger (1991) argue that economic growth affects the environment
through three mechanisms: scale effect, composition effect, and technical effect. The
directions of these effects are shown in Figure 1. The scale effect implies that pollution
increases as an activity expands, if the nature of the activity is unchanged (Grossman &
Krueger, 1991). Thus, if all other factors are held constant, an increase in income will
lead to increased environmental degradation. The composition effect is the structural
change from polluting industries to the less polluting service sector and should therefore
have a positive impact on the environment. However, at lower levels of income, pollution
increases as the economic structure change from agriculture to industrial production
(Álvarez, Balsalobre, & Cantos, 2015). The technical effect implies that environmental
quality can increase as a result of less polluting technologies. The effect can occur through
productivity improvements and adoption of cleaner technologies. Environmental
research, development, and demonstration (RD&D) investments encourage the
development of cleaner technologies. Nonetheless, some minimal economic growth must
exist to make investments possible (Álvarez, Balsalobre, & Cantos, 2015).

2.2 The N-shaped EKC
The N-shaped EKC suggests that the original EKC hypothesis will not hold in the long
run. Instead, beyond a certain income level, increased income might once again lead to a
positive relationship between economic growth and environmental degradation (de
Bruyn, van den Bergh, & Opschoor, 1998). Even though studies have empirically
observed this relationship, the theory behind its existence is not as thoroughly examined
as for the inverted U-shaped EKC. Torras and Boyce (1998) suggest that the N-shaped
relationship occurs when the scale effect overcomes the composition and technical
effects. This might be the consequence of reduced possibilities to further improve
distribution of industries or because of diminishing returns on technological changes
(Torras & Boyce, 1998). Álvarez-Herranz and Balsalobre Lorente (2015) argue that when
there is an N-shaped relationship between income and environmental degradation, it is
necessary to maintain technological advances with increasing returns. If there are
decreasing technological returns or if further improvements in pollution reducing
technology becomes exhausted or too expensive, the economy will be forced back into a
state where growth leads to environmental deterioration (Álvarez-Herranz & Balsalobre
Lorente, 2015, 2016).
5

The theoretical relationship between environmental degradation and economic growth is
usually described as follows (Grossman & Krueger, 1991; Stern, 2004):
𝐺𝐻𝐺𝑖𝑡 = 𝛼𝑖𝑡 + 𝛽1 𝐺𝐷𝑃𝑝𝑐𝑖𝑡 + 𝛽2 𝐺𝐷𝑃𝑝𝑐𝑖𝑡2 + 𝛽3 𝐺𝐷𝑃𝑝𝑐𝑖𝑡3 + 𝛽4 𝑍𝑖𝑡 + 𝜀𝑖𝑡 ,

(1)

where GHG refers to the greenhouse gas emissions, that is, the environmental
degradation, GDPpc stands for income per capita, and Z contains all other variables that
might affect environmental quality. The coefficient 𝛼𝑖𝑡 measures the average
environmental pressure when income has no influence, 𝛽 refers to the direction and
importance of the exogenous variables, and 𝜀𝑖𝑡 is the error term. Depending on the sign
of the different 𝛽 parameters related to income, the EKC will adopt different shapes
(Álvarez-Herranz & Balsalobre Lorente, 2016):
(i) If β1 = β2 = β3 = 0, there will be either a flat pattern or no relationship between
environmental degradation and income.
(ii) If β1 > 0 and β2 = β3 = 0, there will be a monotonic increasing relationship such that
environmental degradation increases along with economic growth.
(iii) If β1 < 0 and β2 = β3 = 0, there will be a monotonic decreasing relationship between
environmental deterioration and income.
(iv) If β1 > 0 and β2 < 0 and β3 = 0, we will see the classical inverted U-shaped EKC.
(v) If β1 < 0 and β2 > 0 and β3 = 0, there will be a U-shaped relationship between
environmental degradation and income.
(vi) If β1 > 0 and β2 < 0 and β3 > 0, there will be a cubic polynomial or N-shaped
relationship between environmental deterioration and income. This is the EKC shape that
is in focus in this study.
(vii) If β1 < 0 and β2 > 0 and β3 < 0, there will be an inverted, or opposite, N-shaped
relationship between environmental degradation and economic growth.
Figure 2 shows the patterns of these different relationships.
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GHGpc

(i) β1 = β2 = β3 = 0

(ii) β1 > 0, β2 = β3 = 0

GHGpc

GDPpc

GHGpc

(iii) β1 < 0, β2 = β3 = 0

GDPpc

(iv) β1 > 0, β2 < 0, β3 = 0

GHGpc

GDPpc

GHGpc

(v) β1 < 0, β2 > 0, β3 = 0

GDPpc

(vi) β1 > 0, β2 < 0, β3 > 0

GHGpc

GDPpc

GHGpc

GDPpc

(vii) β1 < 0, β2 > 0, β3 < 0

GDPpc

Figure 2 - Possible shapes of the relationship between income and environment
Given Formula 1, these are the possible shapes of the relationship between income and
environmental degradation. However, there are several possible driving forces that may
lead to an EKC relationship other than the income itself (Kaika & Zervas, 2013). We will
briefly discuss some of these factors, which we will include in our regression analysis.
These variables are renewable energy, technological development, trade, and institutional
quality.

7

2.3 Renewable Energy
Long-term actions are required to solve today’s environmental problems and a
fundamental strategy is to increase renewable energy sources (Dincer, 2000; Al-Mulali,
Ozturk, & Solarin, 2016). By applying this strategy, countries’ dependency on fossil fuels
can be reduced (Al-Mulali, Ozturk, & Solarin, 2016). The world’s population is rapidly
increasing and economic development is expected to continue, leading to an increased
energy demand. It is therefore important to make better use of sources and technologies
related to renewable energy, in order to solve this impending energy shortage. By
substituting the fossil energy baseline with renewable energy, beneficial impacts on the
major environmental problems can be achieved (Dincer, 2000).

2.4 Technological Development
According to Jaffe, Newell, and Stavins (2002) technological change significantly affect
the environmental impact of an activity. Both improvements in productivity and emission
specific changes in process affect environmental quality (Stern, 2004). Technological
change promotes sustainable growth by the creation of new technologies and the spread
of existing green technologies, which reduces the cost of environmental protection (Popp,
2012). Stern (2005) argues that technological change will eventually lead to reduced
emissions in both the developing and developed countries.
Smulders, Bretschger, and Egli (2011) argue that the effect of technology on
environmental degradation varies over time. When firms adopt pollution intensive
technologies environmental degradation increases. Pollution taxes are therefore imposed
and if the taxation is high enough or if less polluting technologies are associated with
lower costs, firms might replace their technology. However, one pollution can be replaced
by another. Hence, the characteristics of technologies decide the effect of technological
change on the environment.

2.5 Trade
A common critique of the EKC hypothesis is that it does not account for trade patterns
and how they can help explaining the decreasing environmental degradation in highincome countries (Cole, 2004). Stern (2004) argues that the inverted U-shaped EKC
might be a result of trade effects on the distribution of industries between different
countries. According to the pollution haven hypothesis (PHH) differences in
8

environmental regulations may create a trade pattern where developed countries
specialize in cleaner production and developing countries specialize in pollution intensive
production (Cole, 2004; Dinda, 2004; Stern, 2004; Kaika & Zervas, 2013). When
environmental degradation increases along with income, the economy develops more
stringent environmental regulations (Cole, 2004). As the cost of meeting these
environmental regulations rises, the developed countries move some of their pollution
intensive production to less developed countries, with less strict environmental
regulations (Arrow, et al., 1995; Cole, 2004). The shift away from pollution intensive
production might cause the downward slope of the EKC (Kaika & Zervas, 2013).
According to Cole (2004), international trade will also affect pollution through the
composition effect previously described in the EKC model. Grossman and Krueger
(1991) argue that trade might lead to the positive effects of transferred technologies.
When trade liberalization occur, methods of production might change and modern
technologies might be transferred to economies with relaxed restriction on foreign
investments. According to Barata, Cruz, and Pablo-Romero (2017) trade can also affect
the demand for energy and activities in transportation, which will increase pollution.

2.6 Institutional Quality
Government policies and social institutions are some of the critical determinants for when
and how environmental quality improvements occur. They determine the environmental
impact of economic growth and the reversibility of environmental damage (Panayotou,
1997). Environmental resources are usually seen as common properties and thus no one
has the incentive to properly maintain the resources. To ensure an efficient resource
allocation the government is required to assert public property rights (Hussen, 2005). The
environmental consequences of economic growth decrease as better policies are applied
and policy distortions disappears (Panayotou, 1997; Bhattarai & Hammig, 2001).
Panayotou (1997) further argues that an earlier turning point of the EKC might be
achieved as policies improve. According to Kaika and Zervas (2013) it is expected of a
government to properly respond to public awareness by imposing appropriate regulations
when the economy grows, to prevent further increases in pollution levels. However, if
there is a high degree of corruption, environmental laws and the enforcement of these
laws are postponed and improvements in environmental quality is delayed (Leitão, 2010).

9

3 Previous Literature
There are several excellent review articles that covers the existing literature on the EKC
(Dinda, 2004; Stern, 2004; Culas, 2012; Kaika & Zervas, 2013). In the following section
and in Table 11 (see Appendix A), we summarize some important findings in the previous
literature that are closely related to our thesis. The studies in our literature review focus
on the N-shaped EKC and the variables we intend to examine.
The standard EKC hypothesis of an inverted U-shaped relationship between income and
environmental degradation, has been confirmed by several researchers. For example,
when using a fixed effects model Leitão (2010) finds it for 94 countries with different
development levels and Culas (2012) finds it for 23 African countries. Culas (2012) also
finds the inverted U-shaped EKC for 9 Latin American countries when using a random
effects model (REM). This shape has also been found for 29 OECD countries when using
a stochastic impacts by regression on population, affluence, and technology model
(Shafiei & Salim, 2014) and for 24 European countries when using pooled mean group
(Ahmed, Uddin, & Sohag, 2016). Further, Al-Mulali, Ozturk, and Solarin (2016) find the
inverted U-shaped relationship for Europe, East Asia and the Pacific, South Asia, and the
Americas when using dynamic OLS. It is also found for various countries, when using
quantile regressions with fixed effects (You et al., 2015). When using quantile regressions
the inverted U-shaped EKC is also found for ASEAN-5 (Duan et al., 2016) and for 19
APEC countries (Zhang et al., 2016)4. However, some of the studies confirming the
original EKC hypothesis have not included the cubic form of income. These studies are
thereby ignoring the possibility of an N-shaped EKC (e.g. Culas, 2012; Duan et al., 2016;
Zhang et al., 2016). This can also be shown in the study by Lee, Chiu, and Sun (2009),
which find an inverted U-shaped EKC when using a quadratic model and an N-shaped
EKC when using a cubic model.
Even though the N-shaped EKC is considered to be a new phenomenon, it was found as
early as in the 1990s. Grossman and Krueger (1995) and Panayotou (1997) find an Nshaped relationship between economic development and sulfur dioxide (SO2).
Nevertheless, in both cases, few observations existed after the second turning point, as it

4

Where Indonesia, Malaysia, the Philippines, Singapore, and Thailand are included in ASEAN-5 (Duan et
al., 2016) and APEC stands for Asia-Pacific Economic Cooperation (Zhang et al., 2016).
10

was in the extreme end of the data set, and the N-shape was therefore dismissed. Moomaw
and Unruh (1997) find the N-shaped EKC when using FEM and cross sectional OLS.
However, the authors also used a structural transition model which indicated that the shift
to declining CO2 emissions more likely was a result of the 1973 oil crisis, rather than the
income reaching a certain turning point. The N-shaped EKC is also found for Austira
when using pooled OLS (Friedl & Getzner, 2003) and for 28 OECD countries when using
generalized least squares (Álvarez, Balsalobre, & Cantos, 2015). When using FEM the
N-shaped relationship is found for 15 Latin American countries (Bhattarai, Paudel, &
Poudel, 2009), 28 OECD countries (Álvarez-Herranz & Balsalobre Lorente, 2015), and
17 OECD countries (Álvarez-Herranz & Balsalobre Lorente, 2016).
The inverted U-shaped EKC and the N-shaped EKC, has also been found by the same
researchers but for different regions or environmental degradation measures. For
example, when using REM Grossman and Krueger (1995) find the N-shaped EKC for
SO2, but the inverted U-shaped relationship for other environmental indicators. Further,
López-Menéndez, Moreno, and Pérez (2014) find the inverted U-shaped EKC for EU27
countries where at least 20 percent of the country’s electricity is generated from
renewable energy sources. However, an N-shaped relationship is instead found for the
EU27 countries where less than 20 percent of the country’s electricity is generated from
renewable energy sources.
In recent years, the impact of renewable energy on environmental degradation has been
widely studied. Various studies indicate that greenhouse gas (GHG) emissions can be
reduced as fossil fuels are replaced with renewable energy. Thereby, renewable energy
consumption should have a negative impact on environmental degradation (LópezMenéndez, Moreno, & Pérez, 2014; Shafiei & Salim, 2014; Álvarez-Herranz &
Balsalobre Lorente, 2015, 2016; Al-Mulali, Ozturk, & Solarin, 2016). However, the
results from Álvarez-Herranz and Balsalobre Lorente (2015) imply that not every GHG
emission will be reduced as renewable energy sources replace traditional ones, in
countries with high income levels. Some studies have used the proportion of electricity
generated from renewable sources as a proxy for renewable energy (López-Menéndez,
Moreno, & Pérez, 2014; Al-Mulali, Ozturk, & Solarin, 2016). Nevertheless, in all these
studies the effect is negative, regardless of which measure the authors use for renewable
energy.
11

Álvarez, Balsalobre, and Cantos (2015) and Álvarez-Herranz and Balsalobre Lorente
(2015, 2016) use energy RD&D to measure countries technology and innovation. All
three studies conclude that energy RD&D has a negative effect on environmental
degradation. Álvarez, Balsalobre, and Cantos (2015) conclude that the key factor to
improve environmental quality is advances in technology. Their results and the results
from Álvarez-Herranz and Balsalobre Lorente (2016) indicate that technological progress
and energy innovation shifts the first turning point of an N-shaped EKC to lower levels
of income and the second turning point to higher levels. Another proxy for technological
innovation is patents. Ahmed, Uddin, and Sohag (2016) use this proxy and they also find
that technological innovation has a negative effect on environmental degradation.
To estimate the effect of trade on environmental degradation Lee, Chiu, and Sun (2009),
Al-Mulali and Ozturk (2015), You et al. (2015), and Al-Mulali, Ozturk, and Solarin
(2016) use imports and exports of goods and services as a proxy. Friedl and Getzner
(2003) find that CO2 emissions in Austria decrease with increased imports. Al-Mulali and
Ozturk (2015) find a positive relationship between trade and environmental degradation
in Cambodia. Lee, Chiu, and Sun (2009) find evidence for the PHH, as their results
indicates that CO2 emissions increase as a result of trade in low-income countries but
decrease in high-income countries. You et al. (2015), on the other hand, find that trade
does not have any significant effect on environmental degradation. Al-Mulali, Ozturk,
and Solarin (2016) find that the effect of trade on environmental degradation differs
between regions. According to Duan et al. (2016) an increase in trade decrease CO2
emissions in low- and high-emission countries. Therefore, in previous literature the effect
of trade on environmental degradation is inconclusive, as it varies both between and
within studies.
According to Panayotou (1997) environmental degradation can decrease dramatically as
policies improve, when using enforcement of contracts as a proxy. Several variables have
been used to measure institutional quality: Torras and Boyce (1998) used political rights,
Leitão (2010) used corruption, and Al-Mulali and Ozturk (2015) used corruption and
governess; and they all find a negative effect of institutional quality on environmental
degradation. Further, Leitão (2010) concludes that corruption shifts the turning point of
the inverted U-shaped EKC to higher levels of income. You et al. (2015), on the other
hand, do not find any uniform impact of institutions when using an index for democracy
as a proxy. Zhang et al. (2016) use indexes both for corruption and democracy and find
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that increased corruption results in decreased CO2 emissions in low-emission countries.
However, no significant effect is found for the high-emission countries. Democracy, on
the other hand, is only significant in high-emission countries, where the effect is negative.
Thus, the majority of precious literature find that institutional quality has a negative effect
on environmental degradation. However, this is not true for all studies.
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4 Data
We include three groups of countries in the sample: high-income countries, upper-middleincome countries and lower-middle-income countries. These classifications are defined
in accordance with the World Bank (2017b). Lower-middle-income countries are those
with a GNI per capita between $1,026 and $4,035, upper-middle-income countries have
a GNI per capita between $4,036 and $12,475, and high-income countries have a GNI per
capita of $12,476 or more. We choose not to include low-income economies in the study,
because these countries’ contribution to the global share of GDP and CO2 emissions is
minimal. These countries are, therefore, not the largest threat to the environment at the
moment. It would also be problematic to find balanced data for the low-income countries,
as none of these countries have balanced data for all of our variables and the data for
patents is almost nonexistent. In contrast, middle-income countries have had a rising
importance for the global economy with an increasing industrial output and, hence, rising
emissions. Since middle-income economies are expected to grow even more, it is
important to investigate how this will affect the global environment. By using the highincome economies as a benchmark we can compare these groups of countries to get a
better understanding of what we need to do in order to achieve sustainable development.
This study is based on annual data for CO2 emissions per capita, real GDP per capita,
renewable energy, technological development, trade, and institutional quality. Data for
institutional quality are obtained from the Freedom House (2017a) database and
remaining series are downloaded from the WDI, obtained from the World Bank (2017c).
The dataset covers an unbalanced panel of 74 countries or a balanced panel of 55 countries
over the time period 1994 to 2012. Since we use lags of one year for technological
development, the corresponding time period for this variable is 1993 to 2011. We include
all lower-middle-income countries, upper-middle-income countries, and high-income
countries with available data for the selected variables over the time period. The included
countries are shown in Table 12 (see Apendix A). Longer time series would have been
preferable, however, due to missing data for many countries, a longer time series would
result in a reduced sample.
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4.1 Variables
We use CO2 emissions (CO2) as a proxy for environmental degradation, as is common in
this field of research (Álvarez, Balsalobre, & Cantos, 2015; Álvarez-Herranz &
Balsalobre Lorente, 2016). Another reason for chosing CO2 emissions, and not another
variable for environmental degradation, is that CO2 emissions represent more than 80
percent of the total global GHG emissions (World Bank, 2014). The variable does not
measure CO2 emissions from imported goods and do not subtract emissions from
exported goods. Thus, using this variable leads to a production-based approach of the
EKC. The CO2 series is measured in metric tons per capita which enables us to adjust for
the effect of population growth on the pollution level. Data are collected from the WDI
(World Bank, 2017c).
To measure the effect of economic growth on environmental degradation we use the real
GDP per capita (GDP). The GDP per capita series is measured in constant 2010 US
dollars to control for inflation and the data are downloaded from the WDI (World Bank,
2017c). Inflation adjusted GDP per capita is widely used in the literature to measure
income levels (see, e.g., You et al., 2015; Al-Mulali, Ozturk, & Solarin, 2016). It is likely
that the variable correlates with other factors affecting environmental degradation and
therefore include effects of omitted variables. However, including all variables affecting
environmental degradation would complicate the modelling and lead to multicollinearity.
Substitution to greener energy sources might decrease environmental degradation. As a
measure for this substitution effect we use renewable energy consumption as the share of
total energy consumption (REN). Data is downloaded from the WDI (World Bank,
2017c). The variable measures energy used in industry, transport, residential, agriculture,
forestry, fishing, commercial and public services, etc. (International Energy Agency,
2017a). The renewable energy sources come from solar, wind, geothermal, hydropower,
bioenergy, and ocean power (International Energy Agency, 2017b). The world’s total
energy consumption has increased in the last decades. Thus, using total consumption of
renewable energy as a measure could make it hard to decide if the increase is due to a
substitution to greener energy sources or because of the total increase in energy use. We
therefore choose to focus on the renewables as a share of total energy consumption.
To measure the technological development of a country we use patent applications (R&D)
as a proxy. The patent series are downloaded from the WDI (World Bank, 2017c) and
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consist of two different series, one for patents applied by residents and one for those
applied by nonresidents. We combine the series and use an aggregate measure of patents
in order to capture the total effect of a country’s technological development on the
environment. Another possible variable for measuring technological development would
be research and development expenditure as a share of GDP. According to Popp (2012),
the collection of data for expenditures in research and development can differ between
countries and thus this data is noisy. The available data is also limited for this variable
and patent applications is a commonly used proxy for technology (Ahmed, Uddin, &
Sohag, 2016). It is common to register patent applications in the early stages of the
research process. Patents, therefore, give a good indication of the activities in research
and development. Thus, patents can both serve as an indicator for the level of innovative
activity in a country and as a measure for the innovative output. We choose to include the
variable as the total patent applications and not the per capita applications, as every
advancement in technology will contribute to the entire country’s technological frontier.
To measure the effects of trade on environmental degradation we use trade as share of
GDP (TRD) as a proxy. The variable is constructed as the sum of exports and imports of
goods and services measured as the share of GDP. The trade series is obtained from the
WDI (World Bank, 2017c).
As a proxy for the institutional quality in a country we use the Freedom House (2017a)
political rights index and civil liberties index (INS). In the political rights index the
functioning of the government, electoral process, and political pluralism and participation
are included. Associational and organizational rights, personal autonomy and individual
rights, freedom of expression and belief, and the rule of law are included in the civil
liberties index. The ideas about civil liberties and political rights constantly evolve and
thus the methodology for the indexes is periodically reviewed, and changes are sometimes
made. However, when changes are made, they are introduced gradually, so the
comparability between the years remain possible (Freedom House, 2017b). Each of these
indexes are measured on a 1 to 7 scale; where 1 is the highest level of freedom, and 7 the
lowest. To simplify the modelling, we add these two indexes together for each country
and year and subtract the sum from 15. This way we get a 1 to 13 scale; 13 indicating the
highest level of freedom, and 1 the least.
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4.2 Data Construction
We use an unbalanced panel consisting of 8,436 units where 46 of these have been
imputed. Since these only constitute 0.55 percent of the total number of units, we do not
see this as a significant problem for our analysis. The missing observations are in the
patent series (36), the GDP per capita series (5) and the trade series (5). When the missing
unit was between two observations we used the following formula for imputation:

𝑥𝑖𝑡 =

𝑥𝑖(𝑡−1) +𝑥𝑖(𝑡+1)

(8)

2

where 𝑥𝑖𝑡 is the unit to compute, 𝑥𝑖(𝑡−1) corresponds to the unit the year before the missing
value, and 𝑥𝑖(𝑡+1) corresponds to the unit the year after. If the missing unit was the first
in a series for a country, we used the following formula:

𝑥𝑖𝑡 =

𝑥𝑖(𝑡+1)

(9)

(1+𝑔)

where 𝑔 is the average growth rate the following five years for the variable. If the unit
instead was the last in the series, we used the following formula:
𝑥𝑖𝑡 = 𝑥𝑖(𝑡−1) ∙ (1 + 𝛾)

(10)

where 𝛾 is the average growth rate for the previous five years. In some cases, there were
more than one unit with missing values in a row. If these were first or last in the series
we used the same formulas as above. If the missing values instead were in the middle of
the sample, we used the following formula to impute the first of the two missing
observations:

𝑥𝑖𝑡 = 𝑥𝑖(𝑡−1) +

𝑥𝑖(𝑡+2) −𝑥𝑖(𝑡−1)
3

(11)

We then added the value from the fraction to the first imputed unit to get a value for the
second missing unit.

4.3 Descriptive Statistics
Table 1 presents the descriptive statistics of the dependent and the explanatory variables
for the total sample of 74 countries over a period of 19 years. All variables except for INS
are expressed in natural logarithms in order to minimize the issue of heteroscedasticity
and to improve the comparability with previous studies. Since INS is an index ranging
from 1 to 13 we chose not to use the natural logarithm of this variable. Also, when using
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the natural logarithm, the variable gets further away from a normal distribution with
skewness close to -2 and a high value for the kurtosis.
Table 1 - Descriptive Statistics for Total Sample
Variable Mean

Median Max

Min

Std. Dev.

Skewness Kurtosis N

CO2

1.42

1.74

3.23

-1.97

1.08

-1.00

3.42

1406

GDP

9.08

9.09

11.61

5.90

1.36

-0.22

2.05

1406

REN

2.38

2.67

4.53

-4.80

1.51

-1.53

7.07

1406

R&D

7.48

7.43

13.17

1.61

2.04

0.39

3.17

1406

TRD

4.26

4.24

6.09

2.75

0.54

0.24

3.75

1406

INS

9.43

11.00

13.00

1.00

3.72

-0.78

2.32

1406

Notes: All variables except for INS are expressed in natural logarithms in this table, and the following tables. CO2 =
CO2 emissions measured in metric tons per capita, GDP = GDP per capita measured in constant 2010 US dollar, REN
= renewable energy consumption as a share of total energy consumption, R&D = patent application from residents
and nonresidents, TRD = the sum of exports and imports as share of GDP, INS = the sum of a political rights index
and a civil liberties index minus 15. All variables expect INS are obtained from WDI (World Bank, 2017c). The
indexes used in INS are obtained from Freedom House (2017a).

As we can see in Table 1, we have some excessive skewness to the left for REN and CO2,
however a range of ± 2 from a normal distribution with skewness of 0 can be seen as
acceptable. Further, we see some excessive kurtosis of 7.07 for REN in comparison to a
normal distribution with a kurtosis of 3. However, the other variables do not express any
excessive deviations from a normal distribution.
Figures 3–5 show the development of CO2 emissions per capita for lower-middle-income
countries, upper-middle-income countries, and high-income countries respectively, for
the period of 1994 to 2012.
ln CO2 Emissions (Metric Tons Per Capita) LMIC
0.9
0.8
0.7
0.6
0.5
0.4
0.3

Figure 3 - Development of CO2 Emissions for lower-middle-income countries
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The lower-middle-income countries’ emissions have been low and pretty stable during
the first half of the period. Around 2000 a small increase occurs and the CO2 emission
has continued to increase more and more since then, with an exception for 2009.
ln CO2 Emissions (Metric Tons Per Capita) UMIC
1.75
1.7
1.65
1.6
1.55
1.5
1.45
1.4

Figure 4 - Development of CO2 Emissions for upper-middle-income countries
The upper-middle-income countries have experienced increases in CO2 emissions per
capita since 2002. A small dip occurred in 2009 but the emission continued to rise the
following years.
ln CO2 Emissions (Metric Tons Per Capita) HIC
2.26
2.24
2.22
2.2
2.18
2.16
2.14

Figure 5 - Development of CO2 Emissions for high-income countries
The high-income countries have had the highest emissions over the entire time period.
The CO2 emissions per capita, expressed in natural logarithms, has fluctuated between
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2.19 and 2.25 until 2008, when the emissions dropped, which could be a consequence of
the financial crisis in 2008. However, the emissions are still decreasing in 2012, while the
CO2 emissions in middle-income countries increased again after the crisis. Therefore, it
is likely that other factors than the financial crisis had an impact on emissions.
Table 2 - Pearson Correlations
CO2

GDP

REN

R&D

TRD

INS

CO2

1.00

-

-

-

-

-

GDP

0.80

1.00

-

-

-

-

REN

-0.56

-0.26

1.00

-

-

-

R&D

0.46

0.38

-0.22

1.00

-

-

TRD

0.25

0.18

-0.21

-0.32

1.00

-

INS

0.43

0.69

0.19

0.18

0.05

1.00

The correlations between all variables are shown in Table 2. The value of all correlations
between the explanatory variables are way below 0.7, which we use as a rule of thumb
for stronger correlation. However, the correlation between GDP and INS is 0.69, which
might lead to problems with multicollinearity when the variables are estimated in the
same model. Nevertheless, excluding one of the variables might instead lead to omitted
variable bias. Regarding the rest of the variables we do not consider their correlations to
be of any concern.
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5 Methodology
We applied panel data analysis, which allows for more complicated and realistic models
than a single cross section analysis would. The method enables consistent estimations
when the dependent variable is affected by non-observable factors and is therefore an
appropriate method to solve omitted variable bias (Wooldridge, 2002). It is a useful
method when looking for generalizable results and it is the most commonly used
methodology in previous EKC literature (Lieb, 2003). Further, time series analysis would
not be an appropriate method as our sample consist of 74 countries, which would make it
too extensive, and the time period of 19 years would be too short for drawing inferences.
We estimated an empirical model consisting of a relationship between CO2 emissions
(CO2) and the following explanatory variables: income (GDP), renewable energy
consumption (REN), technological development (R&D), trade (TRD), and institutional
quality (INS). The model is given by:
𝐶𝑂2 𝑖𝑡 = 𝛼 + 𝛽1 𝐺𝐷𝑃𝑖𝑡 + 𝛽2 𝐺𝐷𝑃2 𝑖𝑡 + 𝛽3 𝐺𝐷𝑃3 𝑖𝑡 + 𝛽4 𝑅𝐸𝑁𝑖𝑡

(2)

+𝛽5 𝑅&𝐷𝑖(𝑡−1) + 𝛽6 𝑇𝑅𝐷𝑖𝑡 + 𝛽7 𝐼𝑁𝑆𝑖𝑡 + 𝜀𝑖𝑡
where i and t are indexes for country and time. All variables except for INS are expressed
in natural logarithms. We assume that there is some delay before innovations are
implemented in a society. In accordance with previous literature (e.g. Álvarez,
Balsalobre, & Cantos, 2015; Álvarez-Herranz & Balsalobre Lorente, 2015) we, therefore,
choose to lag R&D. There is no uniform lag length for technological development in the
EKC studies and Popp (2012) argues that patents not only measure the coming years’
innovative output, it also measures the level of innovative activity in the country today.
As we want R&D to reflect both the innovative activity level and innovative output in a
country we did not want to lag R&D with too many years and we therefore choose to lag
it by one year. However, we wanted to examine if and how our results would change if
we changed the lag length to more than one year. Nevertheless, this was not possible
without reducing our sample or imputing a lot of units, due to missing data for the variable
for years earlier than 1993.
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5.1 Statistical Methods
To test for multicollinearity in the model we applied a variance inflation factor (VIF) test.
We used cutoff points 5 and 10 to decide whether the VIF is too high. These cutoff points
are frequently used as rules of thumb in econometric studies for identifying
inconsequential and serious multicollinearity. Although, no formal criteria exist (Craney
& Surles, 2002).
To deal with potential non-stationarity of the data series we performed panel data unit
root tests on the variables. These tests help to decide whether the series are stationary in
level, I(0), or after differentiating the series once, I(1) (Verbeek, 2002). Panel data unit
root tests consider both the time dimension, T, and the cross-sectional dimension, N. The
tests are based on the autoregressive model:
𝑦𝑖𝑡 = 𝛼𝑖 + 𝛾𝑖 𝑦𝑖,𝑡−1 + 𝜀𝑖𝑡 ,

(3)

∆𝑦𝑖𝑡 = 𝛼𝑖 + 𝜋𝑖 𝑦𝑖,𝑡−1 + 𝜀𝑖𝑡 ,

(4)

rewritten as:

where 𝑦𝑖𝑡 is the variable of interest, 𝛼𝑖 is an individual intercept, 𝜀𝑖𝑡 is white noise, 𝛾𝑖 is
the slope of the parameter, and 𝜋𝑖 = 𝛾𝑖 − 1 (Verbeek, 2002). The null hypothesis is that
all series have a unit root, that is H0: 𝜋𝑖 = 0. This can be tested against the alternative
hypothesis that all series are stationary, with the same mean reversion parameter for all
countries, Ha: 𝜋𝑖 = 𝜋𝑖 < 0. Another alternative hypothesis allows the mean reversion
parameter to vary between countries and suggests that Ha: 𝜋𝑖 < 0 for at least one country,
i (Verbeek, 2002). The Levin-Lin-Chu (LLC) test is an example of the first method and
assumes that the different cross sections in the series have a common unit root (Levin,
Lin, & Chu, 2002). The Fisher Phillips-Perron (PP) test is an example of the second
method and allows a first-order autoregressive coefficient to vary between different
observations (Xu & Lin, 2016). Thus, the Fisher PP test relax the homogeneity
assumptions in the LLC test. We used both the Fisher PP test and the LLC test to decide
whether the series were stationary or not. The equation used for both of these tests
included a constant and a trend to decide the integration level of the series.
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5.1.1 Pooled OLS and Fixed Effects Model
After controlling for stationarity, we used a pooled OLS estimator as a first approach in
the regression analysis, as is common when using panel data. The pooled OLS estimator
is expressed as:
𝑦𝑖𝑡 = 𝒙𝑖𝑡 𝜷 + 𝑣𝑖𝑡

𝑡 = 1, 2, … , 𝑇,

(5)

where 𝒙𝑖𝑡 is the vector of explanatory variables for each country 𝑖 and year 𝑡, and 𝜷
symbolizes the slopes of the explanatory variables. The composite errors are expressed
as 𝑣𝑖𝑡 = 𝑐𝑖 + 𝑢𝑖𝑡 where 𝑐𝑖 is the individual specific effect and 𝑢𝑖𝑡 is the error term for
each country 𝑖 and year 𝑡 (Wooldridge, 2002). If the model is specified correctly and if
the variables are uncorrelated with the error term, the pooled OLS estimator generates
consistent estimations of 𝜷 (Wooldridge, 2002). However, the estimator simply ignores
the panel structure of the data and treats it as a cross section.
If the individual effect correlates with the explanatory variables, the pooled OLS
estimator do not generate consistent estimations. However, FEM handle this problem by
including the individual specific effect in the intercept term instead of in the error term
(Verbeek, 2002). The intercept is then allowed to vary between the countries. The model
is specified as:
𝑦𝑖𝑡 = 𝑐𝑖𝑡 + 𝒙𝑖𝑡 𝜷 + 𝑢𝑖𝑡

(6)

where 𝒙𝑖𝑡 is the vector of explanatory variables for each country 𝑖 and year 𝑡, 𝜷 symbolizes
the slopes of the explanatory variables, 𝑢𝑖𝑡 is the error term for each country 𝑖 and year 𝑡,
and 𝑐𝑖 is the individual specific effect which is estimated in the intercept (Wooldridge,
2002). In the estimations with FEM we also included fixed effects for the time period to
adjust for possible time specific effects on CO2. One problem with FEM is that observable
individual effects that are constant over time are not possible to separate from the nonobservable individual effects. Since the index used for institutional quality is constant
over time for many of the countries, it might be difficult to include in the FEM
estimations.
To test whether the individual specific effects correlate with the explanatory variables we
used a Hausman test (Hausman, 1978). The null hypothesis is that no correlation exists
between the individual specific effect and the regressors, while the alternative hypothesis
is that correlation exists. If the null hypothesis is rejected only estimations with FEM will
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be consistent. However, if the null is not rejected both a pooled OLS and FEM will be
consistent and can be used. In the latter case the pooled OLS is prefered since FEM has
the problem of not being able to separate the observable and non-observable individual
specific effects.

5.1.2 Quantile Regression Approch
The statistical distribution of data often has an unequal variation and the relationship
between the variables can therefore change between the locations on the dependent
variable’s conditional distribution. Estimations based on the mean values, such as pooled
OLS, FEM, and REM, can therefore give incorrect results (Cade & Noon, 2003). Quantile
regressions evaluate the different points on the conditional distribution of the dependent
variable and can thereby provide a more complete picture of the relationship between the
variables (Cade & Noon, 2003). We therefore chose to complement the pooled OLS and
FEM with a quantile regression analysis.
In quantile regressions, the conditional distribution of the dependent variable is divided
into different quantiles, where the 50th quantile represent the median (Hübler, 2017). As
explained by Hübler (2017) the quantiles of the conditional distribution are described as
linear functions of the explanatory variables in the regressions. Further, quantile
regressions are more robust to outliers than estimation techniques referring to the mean.
Hübler (2017) also states that the differences between the median and the mean can be
large for variables such as CO2 and GDP. Thus, quantile regression is an interesting
approach to the N-shaped EKC hypothesis, because of the possibilities to estimate
different slopes for different quantiles. Given 𝑥𝑖 , the conditional quantile of 𝑦𝑖 is
expressed as:
𝑄𝑦𝑖𝑡 (𝝉|𝒙𝑖𝑡 ) = 𝒙𝜏𝑖𝑡 𝜷𝜏

(7)

where 𝑄𝑦𝑖𝑡 (𝜏|𝑥𝑖𝑡 ) means the 𝜏th quantile of the dependent variable, 𝒙𝜏𝑖𝑡 is the vector of
explanatory variables for each country 𝑖 at year 𝑡 for quantile 𝜏, and 𝜷𝜏 symbolizes the
slopes of the explanatory variable for quantile 𝜏 (Duan et al., 2016).

5.2 Sensitivity Analysis
To test the robustness of our variables we estimated regressions on a balanced dataset and
regressions where we excluded renewable energy consumption. We decided to estimate
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a model which only included balanced data to control for our imputed units. Even if the
imputed units only constituted 0.55 percent of the total number of units, there was no
guarantee that they would not affect our final estimations. If there are any differences
between the results of the two estimations, it is important to present and analyze them.
We also chose to estimate a model where we excluded renewable energy consumption,
since the variable indirectly could measure innovation and technological development in
the field of renewable energy. Therefore, renewable energy might capture some of the
effect we intended to measure with technological development. By excluding renewable
energy, we examined if the effect of technological development on CO2 emissions
changes and thus examined if renewable energy captures some of it.

5.3 Study Limitation and Ethics
One common critique towards the estimation techniques of the EKC is that income not
only influences pollution, but that pollution also affect income (Lieb, 2003; Kaika &
Zervas, 2013; Álvarez, Balsalobre, & Cantos, 2015). Pollution can lead to health
problems causing work-day losses and reduced production. Further, pollution affect
harvests, forestry yields etc. This two-sided relationship between pollution and income
might lead to simultaneity bias in the regression and the results from the OLS will, in that
case, be biased and inconsistent (Lieb, 2003). However, Lieb (2003) argues that the effect
of pollution on income is mostly small and the simultaneity effect have therefore not been
significant when tested for.
We follow the ethical recommendations from the Swedish Research Council (Gustafsson,
Hermerén, & Petterson, 2011). According to the Swedish Research Council, gathered
data should be systematically and critically analyzed when empirical material is used
(Gustafsson, Hermerén, & Petterson, 2011). We use secondary data from Freedom House
and WDI, which are well known databases, often used in scientific research. As these are
open data sources, it is possible to replicate this study. We present our data handling as
transparent as possible. Further, the specific dataset used in this study is available upon
request.
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5.4 Hypotheses
In accordance with the economic theories and empirical evidence presented earlier in the
thesis we formulated hypotheses regarding the directions of the β-parameters. Table 3
shows the expected effect of each explanatory variable on CO2.
Table 3 - Hypotheses
Explanatory Variable

Effect on CO2 Emissions per capita

GDP

+

GDP2

–

3

GDP

+

REN

–

R&D

–

TRD

+ for middle-income countries, – for high-income countries

INS

–

In accordance with the theory of the N-shaped EKC, we hypothesized GDP to have a
positive effect on CO2 emissions, reflecting the increasing emissions in the early stages
of growth. GDP2 should show a negative effect indicating decreasing emissions beyond
the first turning point, while GDP3 should again show a positive sign representing
increasing emissions as the economy keeps growing after the second turning point. We
hypothesized that a higher share of renewable energy sources will reduce CO2 emissions
indicating a negative sign of renewable energy. An increase in technological development
should lead to reduced emissions, either through more efficient technology or emission
specific changes in processes. Thus, we hypothesized that technological development will
have a negative effect on CO2 emissions. In accordance with the PHH we hypothesized
that trade will lead to increasing emissions for the middle-income countries, especially
for the lower-middle-income countries, and decreasing emissions for high-income
countries. Finally, the functioning of the government, enforcement of laws, and other
important institutions should be important components for reducing emissions. We
therefore hypothesized that institutional quality will have a negative effect on CO2
emissions.
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6 Empirical Results
According to the VIF test, presented in Table 15 (see Appendix B), no multicollinearity
exists in our model. All VIF values are below 5, with the highest value of 3.123, indicating
that there is no problem with multicollinearity.
The results from the panel data unit root tests are presented in Table 4. The table shows
the results from the Fisher PP-statistics and the LLC-statistics. All tests were estimated
both with a constant and a trend. Rejection of the null hypothesis indicates that the series
are stationary.
Table 4 - Panel Data Unit Root Tests
Variable
CO2
GDP
REN
R&D
TRD
INS

Level
Fisher PP-statistic
177.621 **
77.757
231.783 ***
258.250 ***
197.093 ***
177.976 ***

LLC-statistic
-0.718
-17.182 ***
-4.684 ***
-9.618 ***
-7.029 ***
-4.942 ***

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level,
respectively. Both a constant and a trend were used in the tests.

The tests show that all series are I(0) stationary. However, as can be seen in the table only
the Fisher PP-statistics rejects the null hypothesis for the CO2 series, while only the LLCstatistics rejects the null hypothesis for the GDP series. Given the different alternative
hypotheses of these tests, this indicates that the CO2 series is stationary for at least one
country and that the GDP series is stationary when using the same mean reversion
parameter for all countries. Since we perform these tests to check the statistical properties
of the series, rather than deciding between using the variables in level or first difference,
the different results between the Fisher PP- and LLC-statistics for CO2 and GDP are of
less importance. We proceeded by estimating the pooled OLS, FEM and the quantile
regressions in level.

6.1 Pooled OLS and Fixed Effects Model
The results from the pooled OLS estimations and the FEM estimations for the unbalanced
panels are presented in Table 5. The FEM estimations are fixed both over the individuals
and the time period. We also present the p-values from the Hausman tests in the table.
Estimation (1) and (5) show the results for the total sample, estimation (2) and (6) cover
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the lower-middle-income countries, estimation (3) and (7) show the results for the uppermiddle-income countries, and estimation (4) and (8) cover the high-income countries.
Table 5 - Results from pooled OLS and FEM estimations
Pooled OLS estimator

Fixed Effects Model

Explanatory
variables

(1)
Total
sample

(2)
LMIC

(3)
UMIC

(4)
HIC

(5)
Total
sample

(6)
LMIC

(7)
UMIC

(8)
HIC

GDP

4.319***
(1.159)

31.136***
(11.025)

-15.357
(21.846)

17.924*
(10.162)

-0.014
(1.116)

9.872
(16.649)

1.903
(10.655)

-15.913**
(7.720)

GDP2

-0.361***
(0.134)

-4.457***
(1.551)

2.005
(2.664)

-1.737*
(1.008)

0.109
(0.131)

-1.394
(2.360)

-0.149
(1.270)

1.666**
(0.780)

GDP3

0.011**
(0,005)

0.214***
(0.072)

-0.085
(0.108)

0.057*
(0.033)

-0.006
(0.005)

0.069
(0.111)

0.005
(0.050)

-0.057**
(0.026)

REN

-0.230***
(0.011)

-0.533***
(0.014)

-0.278***
(0.023)

-0.172***
(0.014)

-0.257***
(0.013)

-0.529***
(0.074)

-0.229***
(0.022)

-0.185***
(0.016)

R&D

0.102***
(0.008)

0.186***
(0.010)

0.143***
(0.016)

0.027***
(0.009)

0.068***
(0.009)

0.120***
(0.037)

0.082***
(0.012)

0.004
(0.013)

TRD

0.284***
(0.027)

0.236***
(0.041)

0.522***
(0.044)

0.046
(0.032)

0.116***
(0.022)

0.135
(0.091)

0.123***
(0.036)

0.084**
(0.039)

INS

0.019***
(0.006)

-0.010*
(0.006)

0.023**
(0.010)

0.042***
(0.009)

0.005
(0.004)

0.002
(0.013)

0.008**
(0.004)

0.000
(0.009)

Intercept

-17.444

-73.461

36.260

-61.033

-3.101

-24.385

-7.956

51.741

Hausman

-

-

-

-

0.342

0.827

0.617

0.372

Observations

1406

323

380

703

1406

323

380

703

Countries

74

17

20

37

74

17

20

37

R2

0.816

0.920

0.617

0.504

0.989

0.987

0.980

0.960

Adjusted R2

0.815

0.919

0.610

0.499

0.988

0.985

0.978

0.956

Notes: Where LMIC stands for lower-middle-income countries, UMIC stands for upper-middle-income countries, and HIC stands for highincome countries. ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. Standard errors are presented in the
parentheses.

The Hausman tests are uniform and do not reject the null hypothesis of no correlation
between the individual specific effect and the regressors. We therefore consider the
pooled OLS to be the better model, however, the estimations with the FEM should still
be consistent. The results from the pooled OLS estimator suggest that there is an N-shaped
EKC for the total sample, the lower-middle-income countries, and the high-income
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countries, since 𝛽1 > 0, 𝛽2 < 0, and 𝛽3 > 0. However, no significant relationship is
found for the upper-middle-income countries. When estimating the regressions with FEM
no significant N-shape of the EKC is found for any of the country groups. Only the highincome countries show a significant relationship between income and CO2 emissions, but
the relationship is shaped as an inverted N. Renewable energy shows a negative impact
on CO2 emissions in all estimations, both when using pooled OLS and FEM.
Technological development is also uniform and have a positive significant effect on CO2
emissions in all estimations, except for the high-income countries when using FEM.
Trade shows a positive effect on CO2 emissions for most estimations, but is not significant
for the high-income countries with pooled OLS or the lower-middle-income countries
with FEM. The effect of institutional quality on CO2 emissions is inconclusive. When
using pooled OLS it is positive for the total sample, upper-middle-income countries, and
high-income countries, but negative for lower-middle-income countries. However, when
using FEM, institutional quality is only significant for the upper-middle-income countries
where the impact on CO2 emissions is positive.
In Appendix B, we present the results of the sensitivity analysis where estimations have
been done on the balanced panels (Table 13) and without the variable for renewable
energy (Table 14). Since the Hausman tests did not reject the null hypothesis, we only
used the pooled OLS estimator for these regressions. No large deviations from the
unbalanced pooled OLS estimations are shown when we use the balanced panels.
However, in the estimations without renewable energy the N-shaped EKC is only found
for the high-income countries. In the rest of the estimations no significant relationship
between income and environmental deterioration is found. In contrast to the pooled OLS
estimations where renewable energy is included, institutional quality has a negative effect
on CO2 emissions in all estimations, but is not statistically significant for the uppermiddle-income countries.

6.2 Quantile Regressions
Tables 6–9 report the results from the quantile regressions for the total sample, lowermiddle-income countries, upper-middle-income countries, and high-income countries,
respectively. The results presented were estimated for the 10th to the 95th quantile. These
tables are also summarized in Table 10 to get at better overview of the results.
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Table 6 - Results from quantile regression for the total sample
Explanatory
variables

10th

20th

30th

40th

50th

60th

70th

80th

90th

95th

GDP

-1.790
(1.667)

-6.581***
(1.614)

-4.043***
(1.400)

1.052
(1.743)

5.545***
(1.148)

4.945***
(1.478)

4.109***
(1.114)

6.470***
(1.551)

4.223
(3.485)

0.158
(0.486)

GDP2

0.385**
(0.185)

0.940***
(0.179)

0.641***
(0.163)

0.047
(0.205)

-0.500***
(0.135)

-0.461***
(0.167)

-0.373***
(0.130)

-0.623***
(0.173)

-0.356
(0.374)

0.067
(0.056)

GDP3

-0.019***
(0.007)

-0.040***
(0.007)

-0.028***
(0.006)

-0.006
(0.008)

0.016***
(0.005)

0.015**
(0.006)

0.012**
(0.005)

0.021***
(0.006)

0.011
(0.013)

-0.004**
(0.002)

REN

-0.206***
(0.009)

-0.158***
(0.012)

-0.148***
(0.010)

-0.154***
(0.011)

-0.185***
(0.017)

-0.270***
(0.017)

-0.297***
(0.018)

-0.293***
(0.009)

-0.256***
(0.015)

-0.253***
(0.006)

R&D

0.068***
(0.006)

0.073***
(0.009)

0.087***
(0.007)

0.089***
(0.008)

0.099***
(0.009)

0.116***
(0.008)

0.110***
(0.010)

0.107***
(0.008)

0.081***
(0.013)

0.069***
(0.006)

TRD

0.302***
(0.022)

0.368***
(0.035)

0.355***
(0.017)

0.314***
(0.024)

0.345***
(0.023)

0.308***
(0.030)

0.242***
(0.038)

0.233***
(0.030)

0.219***
(0.040)

0.269***
(0.016)

INS

0.022***
(0.007)

-0.005
(0.008)

-0.011**
(0.005)

-0.004
(0.006)

0.006
(0.004)

0.027***
(0.005)

0.029***
(0.008)

0.017***
(0.006)

0.021*
(0.012)

0.043***
(0.003)

Intercept

-1.931

11.565

4.615

-9.356

-21.387

-18.532

-15.423

-22.427

-15.802

-2.775

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. The standard errors, presented in the parentheses, are
obtained with a bootstrap of 500.

Table 7 - Results from quantile regression for lower-middle-income countries
Explanatory
variables

10th

20th

30th

40th

50th

60th

70th

80th

90th

95th

GDP

40.733*
(22.708)

37.528**
(18.940)

33.957**
(14.890)

31.983***
(12.110)

31.701**
(13.582)

9.085
(19.349)

15.229
(17.187)

11.520
(13.825)

25.203
(18.766)

17.236
(21.340)

GDP2

-5.796*
(3.124)

-5.305**
(2.611)

-4.796**
(2.063)

-4.498***
(1.692)

-4.485**
(1.906)

-1.451
(2.737)

-2.109
(2.392)

-1.585
(1.923)

-3.553
(2.668)

-2.512
(3.052)

GDP3

0.276*
(0.143)

0.251**
(0.119)

0.227**
(0.095)

0.212***
(0.078)

0.213**
(0.089)

0.078
(0.129)

0.099
(0.111)

0.074
(0.089)

0.168
(0.126)

0.123
(0.145)

REN

-0.524***
(0.025)

-0.505***
(0.029)

-0.481***
(0.022)

-0.484***
(0.015)

-0.493***
(0.015)

-0.481***
(0.018)

-0.514***
(0.022)

-0.533***
(0.019)

-0.525***
(0.019)

-0.608***
(0.092)

R&D

0.201***
(0.021)

0.209***
(0.022)

0.236***
(0.012)

0.229***
(0.013)

0.225***
(0.014)

0.217***
(0.018)

0.162***
(0.017)

0.159***
(0.017)

0.159***
(0.020)

0.157***
(0.018)

TRD

0.256***
(0.071)

0.273***
(0.068)

0.241***
(0.061)

0.234***
(0.058)

0.199***
(0.063)

0.069
(0.064)

0.149**
(0.062)

0.197***
(0.040)

0.227***
(0.038)

0.194***
(0.072)

INS

-0.042***
(0.007)

-0.038***
(0.007)

-0.036***
(0.007)

-0.042***
(0.007)

-0.045***
(0.008)

-0.039***
(0.012)

-0.005
(0.014)

0.011*
(0.007)

0.019***
(0.006)

0.015
(0.016)

Intercept

-96.551

-89.853

-81.654

-77.106

-75.730

-19.260

-37.220

-28.480

-60.130

-39.387

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. The standard errors, presented in the parentheses, are
obtained with a bootstrap of 500.
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Table 8 - Results from quantile regression for upper-middle-income countries
Explanatory
variables

10th

20th

30th

40th

50th

60th

70th

80th

90th

95th

GDP

43.444*
(24.478)

13.616
(24.351)

9.607
(26.289)

-16.357
(34.620)

-31.844
(28.634)

-74.154**
(30.883)

-92.891**
(35.934)

-59.712*
(34.981)

33.700
(37.743)

4.165
(44.630)

GDP2

-5.101*
(2.999)

-1.531
(2.988)

-1.035
(3.219)

1.974
(4.202)

3.930
(3.446)

8.987**
(3.685)

11.238***
(4.287)

7.137*
(4.218)

-4.201
(4.568)

-0.395
(5.695)

GDP3

0.201
(0.122)

0.059
(0.122)

0.039
(0.131)

-0.077
(0.169)

-0.159
(0.138)

-0.360**
(0.146)

-0.451***
(0.170)

-0.282*
(0.169)

0.174
(0.183)

0.013
(0.240)

REN

-0.158***
(0.028)

-0.241***
(0.040)

-0.288***
(0.036)

-0.345***
(0.035)

-0.396***
(0.032)

-0.377***
(0.033)

-0.386***
(0.035)

-0.364***
(0.038)

-0.323***
(0.045)

-0.315***
(0.099)

R&D

0.151***
(0.052)

0.166***
(0.030)

0.145***
(0.024)

0.133***
(0.044)

0.178***
(0.017)

0.168***
(0.016)

0.177***
(0.015)

0.168***
(0.016)

0.157***
(0.017)

0.078
(0.098)

TRD

0.543***
(0.049)

0.468***
(0.045)

0.468***
(0.039)

0.509***
(0.056)

0.531***
(0.061)

0.560***
(0.060)

0.566***
(0.056)

0.603***
(0.062)

0.689***
(0.112)

0.222
(0.725)

INS

-0.022
(0.024)

-0.013
0.019)

-0.022
(0.016)

-0.003
(0.018)

0.015
(0.012)

0.027***
(0.009)

0.038***
(0.008)

0.045***
(0.011)

0.083***
(0.013)

0.052
(0.053)

Intercept

-126.169

-42.745

-31.635

42.640

83.154

200.904

252.829

163.612

-91.701

-13.728

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. The standard errors, presented in the parentheses, are
obtained with a bootstrap of 500.

Table 9 - Results from quantile regression for high-income countries
Explanatory
variables

10th

20th

30th

40th

50th

60th

70th

80th

90th

95th

GDP

99.187**
(44.082)

-7.424
(47.173)

38.070*
(19.701)

31.216*
(16.572)

15.636
(15.596)

32.518**
(14.150)

46.389***
(8.835)

7.975
(35.735)

1.845
(40.724)

-0.776
(50.320)

GDP2

-9.337**
(4.360)

0.956
(4.775)

-3.698*
(1.935)

-3.022*
(1.624)

-1.486
(1.538)

-3.206**
(1.413)

-4.692***
(0.883)

-0.863
(3.585)

-0.222
(4.090)

0.095
(4.848)

GDP3

0.293**
(0.143)

-0.038
(0.161)

0.121*
(0.063)

0.098*
(0.053)

0.048
(0.050)

0.106**
(0.047)

0.159***
(0.029)

0.032
(0.119)

0.010
(0.136)

-0.003
(0.155)

REN

-0.220***
(0.021)

-0.187***
(0.025)

-0.166***
(0.020)

-0.151***
(0.014)

-0.136***
(0.014)

-0.123***
(0.016)

-0.121***
(0.021)

-0.168**
(0.073)

-0.152**
(0.076)

-0.186***
(0.049)

R&D

-0.030
(0.019)

0.004
(0.016)

0.011
(0.011)

0.010
(0.008)

0.014*
(0.008)

0.007
(0.008)

0.036**
(0.019)

0.064***
(0.017)

0.075***
(0.016)

0.059**
(0.026)

TRD

0.029
(0.031)

0.040
(0.079)

0.016
(0.046)

0.027
(0.035)

0.020
(0.037)

0.020
(0.035)

-0.041
(0.063)

0.023
(0.070)

0.135
(0.083)

0.193*
(0.101)

INS

0.068***
(0.011)

0.046**
(0.021)

0.019
(0.013)

0.014
(0.009)

0.009
(0.009)

0.008
(0.010)

0.007
(0.013)

0.039
(0.045)

0.046
(0.046)

0.087
(0.033)

Intercept

-349.324

17.970

-129.645

-106.494

-53.791

-108.620

-151.146

-23.937

-4.682

2.350

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. The standard errors, presented in the parentheses, are
obtained with a bootstrap of 500.
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The N-shaped EKC is only significant for the 50th to the 80th quantile when studying the
total sample. An opposite N-shaped relationship is found for the 20th and 30th quantile,
while no significant relationship is found for the rest of the quantiles. For the lowermiddle-income countries an N-shaped EKC exists for all quantiles, but it is only
significant in the 10th to the 50th quantile. When studying the upper-middle-income
countries no N-shaped EKC is found in any quantile. An inverted U-shaped relationship
is however found in the 10th quantile and an opposite N-shaped relationship is found in
the 60th to the 80th quantile. For the high-income countries, an N-shaped EKC is found in
the 10th, 30th, 40th, 60th, and 70th quantiles, but no significant relationship is found in the
rest of the quantiles.
Renewable energy is uniformly negative for all the quantiles in all classifications.
Technological development is positive in all quantiles for the total sample, lower-middleincome countries, and upper-middle-income countries, but is insignificant in the 95th
quantile for the upper-middle-income countries. For the high-income countries, the
variable is positive and significant for the 50th and 70th to 95th quantile, but insignificant
in the rest of the quantiles. Trade is positive and significant in almost all quantiles for the
total sample, lower-middle-income countries, and upper-middle-income countries.
However, for high-income countries only the 95th quantile shows a significant and
positive effect for trade, in the rest of the quantiles the relationship is insignificant.
Institutional quality is inconclusive for all classifications. For the total sample the variable
is positive in the 60th to 95th quantiles. The variable is negative up to the 60th quantile, but
positive in the 80th and the 90th quantile for lower-middle-income countries. For uppermiddle-income countries institutional quality is only significant in the 60th to 90th quantile
where the effect is positive. For the high-income countries institutional quality is positive
in the 10th and 20th quantile but not significant in any other.
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Table 10 - Summary of the quantile regression estimations.
Total sample

LMIC

UMIC

HIC

Quantile

L

M

H

L

M

H

L

M

H

L

M

H

GDP

-

+

+

+

+

/

/

/

-

+

+

/

GDP2

+

-

-

-

-

/

/

/

+

-

-

/

GDP3

-

+

+

+

+

/

/

/

-

+

+

/

REN

-

-

-

-

-

-

-

-

-

-

-

-

R&D

+

+

+

+

+

+

+

+

+

/

/

+

TRD

+

+

+

+

+

+

+

+

+

/

/

/

INS

/

/

+

-

-

+

/

/

+

+

/

/

Notes: L stands for the lower quantiles, the 10th, 20th, and 30th quantile, M for the middle quantiles, 40th, 50th, and
60th quantiles, and H for higher quantiles, 70th, 80th, 90th, and 95th quantiles. + means that the variable has a
significant positive effect on CO2 emission for at least two out of three quantiles, - means that that the variable has a
significant negative effect on CO2 emission for at least two out of three quantiles, and / means that no significant or
uniform effect could be found.

Table 10 shows that the quantile regression results regarding the relationship between
income and environmental degradation are inconclusive. The N-shaped EKC is found in
half of the regressions, but some results also indicate that the relationship might have the
shape of an inverted N.

6.3 Discussion
According to our hypothesis and the theoretical framework, an N-shaped relationship
between income and environmental degradation should be expected in the estimations.
However, as seen in Tables 5–10, the results are inconclusive both between classifications
and between the different methods used. The pooled OLS estimations confirm our
hypothesis of an N-shaped EKC for the total sample, lower-middle-income countries, and
high-income countries. However, when estimating the regressions with FEM no Nshaped relationship is found for any of the classifications. Instead, the high-income
countries show an inverted N-shaped relationship. This is in contrast to the results of
Álvarez-Herranz and Balsalobre Lorente (2015, 2016) where estimations with FEM
generates the expected N-shaped EKC. Even though the pooled OLS is chosen as the
main method in this thesis according to the Hausman tests, the results from estimations
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with FEM should still be consistent and need to be analyzed. Since the N-shaped curve is
found when using the pooled OLS estimator, but not when using FEM, it is possible that
the heterogeneity eliminates the N-shaped EKC. Observable individual specific effects
that are constant over time cannot be separated from non-observable individual specific
effects when using FEM. Some effects of GDP might therefore be captured in the
individual intercept, eliminating the N-shaped EKC. For example, being a rich and highly
educated country, which should be correlated to GDP, might be included in the individual
intercept if this is a factor that is constant over time.
The results from the quantile regressions are also inconclusive. None of Tables 6–10 show
uniform results for any of the classifications regarding the relationship between income
and environmental degradation. Even though the pooled OLS showed an N-shaped EKC
for the total sample, lower-middle-income countries, and high-income countries, only
some of the quantiles confirm these results. These inconclusive results might depend on
heterogeneity between and within these income groups. A further breakdown of the
included countries and their specific characteristics, such as environmental laws and
composition of industries, might therefore be needed to fully understand why the Nshaped EKC is only apparent in some of the quantiles.
One interesting finding is that upper-middle-income countries differ from the other
classifications regarding the relationship between income and CO2 emissions. In contrast
to the other groups of countries, none of the methods generated an N-shaped EKC in any
estimation for the upper-middle-income countries. In fact, some of the quantiles instead
show an opposite N-shaped EKC. This indicates that economic growth initially will
improve environmental quality up to a certain income level where the relationship instead
will be positive before it ones again becomes negative. This is an interesting finding that
is difficult to explain. It could possibly be a consequence of a high-energy efficiency,
compensating for the increased emissions caused by the scale effect. Further, it could also
be a consequence of a growing amount of foreign direct investment and multinational
companies operating in these countries, leading to an inflow of technology from more
developed countries. Improvements in the countries’ technological frontiers could
thereby outpace the scale effect, causing a negative effect of GDP on CO2. However, in
most quantiles for the upper-middle-income countries no significant relationship is found.
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The inconclusive results suggest that the EKC relationship should be studied with
carefulness. It is common in the research field to only use mean regressions as method,
which might generate non-representative results for many of the countries included in the
sample. When using quantile regressions, we see that the relationship between income
and environment widely differs between quantiles. These results are in line with those of
Duan et al. (2016), You et al. (2015), and Zhang et al. (2016) where the shape of the EKC
also is inconclusive when using quantile regressions. Policy implications which are only
based on results from mean regressions might therefore be ineffective. Further, a large
part of the existing literature on the EKC omit the cubic relationship in their estimations
and thereby ignore the possibility of an N-shaped EKC. In this thesis, the inverted Ushaped relationship, confirmed in several previous studies, is only found in the 10th
quantile for upper-middle-income countries. Thus, this is the only regression in our study
that supports the original EKC hypothesis. Omitting the cubic relationship might
therefore lead us to erroneously support the inverted U-shaped EKC hypothesis.
Another possible explanation for the inconclusive results might be that the relationship
between income and environmental degradation is more complex than our methodology
allows us to examine. The relationship might have a functional form other than those that
are possible to capture by the model applied in this thesis. Therefore, the estimation
methods need to be further developed to test for other more complicated relationships.
For example, we do not test for a non-monotonic increasing or decreasing relationship,
like a cubic function with saddle point, which could be a possible shape of the
relationship.
According to the theoretical framework and our hypotheses the share of renewable energy
in total energy consumption should have a negative effect on CO2 emissions. This
hypothesis is supported by all estimations, both with the pooled OLS estimator, FEM,
and quantile regressions. The results are also robust to the sensitivity analysis and are
highly significant in all income groups. The robustness of this variable shows that the
substitution to renewable energy is an important aspect in reducing the environmental
degradation. These results are also in line with the findings in the previous literature
(López-Menéndez, Moreno, & Pérez, 2014; Shafiei & Salim, 2014; Álvarez-Herranz &
Balsalobre Lorente, 2015, 2016; Al-Mulali, Ozturk, & Solarin, 2016). When we excluded
renewable energy in the sensitivity analysis, the N-shaped EKC was no longer apparent
for the total sample and lower-middle-income countries. This suggests that increasing the
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share of renewable energy is crucial in order to achieve a negative relationship between
income and environmental degradation in the first place. However, the share of renewable
energy cannot exceed 100 percent, which might be the reason for the second turning point
of the EKC. Environmental deterioration does not only come from the use of energy, but
also from other factors such as the destruction of natural resources, for example
deforestation, as well as the industrial process. When the share of renewable energy is
already filled, further increases in income might therefore lead to increased pollution
levels along with the scale effect.
It was hypothesized that technological development would have a negative effect on CO2
emissions because of greener and more efficient technologies. However, in contrast to
our hypothesis, the results show a positive effect of technological development on
environmental degradation. Yet, the relationship is insignificant in most estimations for
the high-income-countries. The results are inconsistent with those of Álvarez, Balsalobre,
and Cantos (2015), Ahmed, Uddin, and Sohag (2016), and Álvarez-Herranz and
Balsalobre Lorente (2015, 2016), where the effect is negative. However, their studies are
conducted on OCED countries and european countries, which are more developed than
parts of our sample. Further, Álvarez, Balsalobre, and Cantos (2015) and ÁlvarezHerranz and Balsalobre Lorente (2015, 2016) use energy RD&D as a proxy instead of
patents. A possible reason behind the positive effect of technological development is that
our proxy includes all patents and not only patents linked to cleaner technologies.
Therefore, we include technological development with all characteristics, where some
lead to less pollution and some lead to more.
As stated above, the effect of technological development on CO2 emissions is
inconclusive for the high-income countries. The insignificant results shown in several
quantiles and in the pooled OLS might depend on the share of environmentally related
patents in these countries. It is possible that technological development might have a
negative effect on CO2 emissions in some of the countries if these invest more in
developing greener technologies than others. This heterogeneity could be a reason behind
the insignificant effect in some of the estimations. It should also be noted that the positive
effect of technological development decreases as we move from the lower income groups
to the higher. This can indicate that as a country develop, their share of green patents will
rise and thereby decrease the positive effect on CO2 emissions. In the sensitivity analysis,
where renewable energy was excluded, technological development still has a positive
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effect on CO2 emissions, even if the impact of the variable is slightly changed. This
implies that even if renewable energy captures some of the effect of technological
development on CO2 emissions, the change in technological development is not crucial.
According to the theoretical framework and our hypotheses trade would be positive for
middle-income countries but negative for high-income countries. However, previous
literature is quite inconsistent for this variable. For example, Lee, Chiu, and Sun (2009)
find evidence for the PHH, while You et al. (2015) do not find any significant results for
the variable. In contrast to these studies, our results show a positive effect of trade on
environmental degradation for all classifications when using pooled OLS, FEM, and
quantile regressions. However, the variable is not significant for the high-income
countries when using pooled OLS or in any of the quantiles. The insignificant effect
indicates that trade might have both positive and negative effects on CO2 emissions in the
high-income countries. We argue that increasing transportation, as a consequence of
trade, might be one reason for the positive relationship. However, in the high-income
countries, this positive effect on CO2 emissions might be in conflict with a negative effect.
When countries engage in trade the distribution of industries change as richer countries
can move their production to countries with lower costs and thereby shift their production
to the service sector. This will result in a reduction in CO2 emissions in high-income
countries. The reduction might be large enough to compensate for the increased CO2
emissions coming from transportation and the scale effect. Therefore, our results neither
confirm nor reject the PHH.
The results for our last variable, institutional quality, is inconclusive. Most regressions
show a positive effect of institutional quality on CO2 emissions, in contrast to our
hypothesis. However, this might be a consequence of the correlation between institutional
quality and GDP being 0.69. The expected negative effect on CO2 emissions is only
confirmed in a few estimations: in the 10th to 60th quantile and the pooled OLS for the
lower-middle-income countries, and in the 30th quantile for the total sample. Thus, one
conclusion that can be drawn from our results is that institutional quality is most important
for the lower-middle-income countries, especially for countries with lower pollution
levels. A reason might be that less developed countries often have worse political rights
and civil liberties. If a country already has well developed political rights and civil
liberties an increase in any of these variables might not affect the country as much.
Improved institutions in, for example, high-income countries might therefore not have
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any direct impact on the environment, unless the institution is directly connected to
environmental quality. However, these findings are in contrast to the results of Zhang et
al. (2016), who observed a negative effect of democracy on CO2 emissions in the 90th to
95th quantiles and that corruption improves environmental quality in the lower quantiles.
Further, our results are also non-consistent with those of Panayotou (1997), Torras and
Boyce (1998), Leitão (2010), and Al-Mulali and Ozturk (2015), which all find that
institutional quality has a negative effect on environmental degradation. However, when
estimating their models they used other proxies for institutional quality, which might
explain the differences in results.
One reason behind the inconclusive results for institutional quality, both within this study
and in comparison to previous literature, could be that the methodology for creating the
indexes changes with the ideas about political rights and civil liberties. The indexes might
therefore not fully reflect the impact of a change in one country’s institutions, when the
common ideas in the world change in the same direction. Further, for many countries the
index does not change over the time period. This is the case for many high-income
countries which have the highest level of institutional quality, according to this index, for
all the measured years. It should be added that the results regarding the effect of
institutional quality on CO2 emission is not robust in the sensitivity analysis. The effect
is negative for the total sample and lower-middle-income countries in the estimations on
the balanced panels. Further, it is negative in all estimations except for upper-middleincome countries when excluding renewable energy. It is therefore possible that the
variable for renewable energy capture some of the effect of environmental connected
institutions, which otherwise might be included in institutional quality.
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7 Conclusions
Using a pooled OLS estimator we find evidence for an N-shaped relationship between
income per capita and CO2 emissions for lower-middle-income countries, high-income
countries, and the total sample. These results support our hypothesis of an N-shaped EKC.
However, no significant relationship is found for the upper-middle-income countries.
When using quantile regressions, the N-shaped EKC is only found in some of the
quantiles for lower-middle-income countries, high-income countries, and the total
sample, but not in any of the quantiles for the upper-middle-income countries. Even
though the majority of the statistically significant results show an N-shaped EKC, the
results are heterogeneous and no strong conclusions can be drawn regarding the shape of
the EKC.
The inconclusive results might be a consequence of heterogeneity between and within the
income groups. Further breakdowns of the countries could therefore help explain the
relationship between income and environmental degradation and why it differs between
the classifications. The results show that the upper-middle-income countries deviate from
the other income groups and no single estimation or quantile show an N-shaped EKC. A
further investigation of these countries’ characteristics would therefore be needed to
understand what factors that distinguish this income group from the others.
To increase the share of renewable energy is a determining factor in reducing CO 2
emissions. This is confirmed in all estimations for all classifications and the results are
highly significant. These results indicate that it is important to encourage substitution to
greener energy in order to combat climate change. In contrast to our hypothesis, the
results suggest that technologic development increases CO2 emissions. However, we
argue that this is because our variable measures all advances in technology and not only
those related to environmental improvements. The quantile regressions generate
inconclusive results for the high-income countries, which could be a consequence of some
countries having a higher share of energy related RD&D. This could explain why the
effect is statistically insignificant in several quantiles and indicates that increases in
energy innovation reduces CO2 emissions.
According to our results trade has a positive effect on CO2 emissions for all classifications
and methods used, but is not significant for high-income countries. We argue that this
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positive effect occurs as a result of increased transportation. The insignificant effect for
the high-income countries indicates that trade might both have positive and negative
effects in these countries. Even though our results do not support the PHH they neither
reject it. When it comes to institutional quality our results only show the expected
negative effect on CO2 emissions for lower-middle-income countries in the lower
quantiles. This indicates that improvements in institutional quality is most important for
these countries. However, these results are not consistent with the results from our
sensitivity analysis, indicating that the indexes do not fully reflect the impact of change
in institutional quality. It would therefore be interesting to investigate if the results for
institutional quality would be the same when using other indexes.
Based on our findings it is clear that policies need to be designed individually for each
country, depending on their income level and intensity of CO2 emissions. There is no
policy that will fit every country, since the relationship between CO2 emissions, income,
renewable energy, technological development, trade, and institutional quality differs
between classifications and quantiles. Our most important policy suggestion is to
implement more policies that promote the substitution to renewable energy. Policies
promoting technologies with less polluting characteristics should also be implemented,
this is especially important for middle-income countries. For lower-middle-income
countries, it is also important to implement policies that increase the institutional quality,
in terms of political rights and civil liberties.
The inconclusive results in this study regarding the shape of the EKC suggests that further
research is needed to fully understand the pollution-income relationship. The relationship
might have a functional form that cannot be captured by the empirical model applied in
this thesis. Therefore, further research should apply models which consider other possible
shapes than those normally examined in EKC-studies. It is important to further investigate
the relationship between income and environmental degradation in order to combat
climate change and to reach a sustainable economic development.
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Appendix A
Table 11 - Literature review
Authors (year)

Dependent
variable

Grossman & Krueger (1995)

Air and water
pollutants

Additional variables

Countries

Time period

Estimation
method(s)

Results (income)

Turning point(s) in
US$

Developed &
developing countries
with available data
from GEMS

1977 – 1988

REM

Inverted U-shape for most of the
environmental indicators

16 OECD countries

1950 – 1992

FEM, cross
section OLS &
structural
transition model

N-shape

$12,813 & $18,333

N-shape for SO2

Moomaw & Unruh (1997)

CO2 emission

Panayotou (1997)

SO2
concentration

Population density,
policy & growth rate

30 developed &
developing countries

1982 – 1994

FEM

Inverted U-shape, but somewhere
between $15,000 & $20,00 the
curve starts to go up again

Just under $5,000

Torras & Boyce (1998)

Air and water
pollutants

Income inequality,
literacy rate, political
rights & urbanization

More than 1,000
locations

1977 – 1991

OLS

N-shape for SO2 and smoke

Around $4,000 and
$15,000 for sulfur
dioxide and smoke

U-shape for fecal coliform
pollution
Monotonic decreasing for
airborne heavy particles &
dissolved oxygen in water

Friedl & Getzner (2003)

CO2 emission

Import shares &
service sector intensity

Austria

1960-199

OLS

N-shape

Bhattarai, Paudel, & Poudel
(2009)

CO2 emission

Population density,
illiteracy rate, &
forestry data

15 Latin American
countries

1980 – 2000

FEM

N-shape

$3,500 & $4,500
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Lee, Chiu, & Sun (2009)

CO2 emission

Population density,
trade, & energy use

89 countries that can
be divided into high-,
middle-, & lowincome countries, or
regions, in this case
Africa, America, Asia
& Oceania, & Europe

1960 – 2000

Dynamic panel
model (DPM)

Inverted U-shape for the quadratic
model, for all countries
N-shape for the cubic model, for
all countries
Inverted U-shape and N-shape for
middle-income countries

$16,300 for the
quadratic model, for
all countries
$8,570-$17,620 &
$30,340-$53,330 for
the cubic model, for
all countries

N-shape for low-income countries
Leitão (2010)

Sulfur emission

Income growth &
degree of corruption

94 countries

1981 – 2000

FEM

Inverted U-shape

Culas (2012)

Rate of
deforestation

Absolute forest area,
proportion of forest
area, population
density, export price
index for Latin
American countries &
industrial round wood
price index for African
and Asian countries

9 Latin American
countries, 23 African
countries & 11 Asian
countries

1971 – 1994

REM for Latin
American
countries

Inverted U-shape for Latin
American & African countries

Renewable energy
consumption & dummy
for RES ≥ 20 %

EU27

1996 – 2010

Renewable energy
consumption, nonrenewable energy
consumption,
urbanization,
population size, service
sector contribution,
industrialization, &
population density

29 OECD countries

López-Menéndez, Moreno,
& Pérez (2014)

Shafiei & Salim (2014)

CO2 emission

CO2 emission

U-shape for Asian countries

FEM for African
& Asian countries

FEM

$6,072 for African
countries
$1,483 for Latin
American countries
$2,320 for Asian
countries

Inverted U-shape for countries
with RES ≥ 20 %
N-shape for countries with RES <
20 %

1980 – 2011

Stochastic
Impacts by
Regression on
Population,
Affluence, and
Technology
(STIRPAT)
model

Inverted U-shape for the
relationship between urbanization
and CO2 emission
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Al-Mulali & Ozturk (2015)

CO2 emission

Urbanization, energy
consumption, trade, &
control for corruption
& governess

Cambodia

1996 – 2012

GMM & TSLS

U-shape

Álvarez, Balsalobre, &
Cantos (2015)

CO2 emission

Energy intensity,
energy spending &
dummy variable over
energy RD&D

28 OECD countries

1994 - 2010

GLS

N-shape

$15,890.48 &
$72,697.08

Álvarez-Herranz &
Balsalobre Lorente (2015)

CO2 emission

Renewable energy
consumption & energy
efficiency RD&D

28 OECD countries

1993 – 2010

FEM

N-shape

$20.813 & $60.353

You et al. (2015)

CO2 emission

Democracy, financial
openness, trade,
population size & share
of industry sector

87 and 97 countries,
depending on which
democracy indicator
being used

1985 – 2005

Quantile
regression with
fixed effects

Inverted U-shape

Far above the current
income levels for all
the countries’ in the
sample.

Ahmed, Uddin, & Sohag
(2016)

CO2 emission

Biomass energy
consumption &
technological
innovation

24 European
countries

1980 – 2010

Pooled mean
group (PMG)

Inverted U-shape, in the long run

Al-Mulali, Ozturk, &
Solarin (2016)

CO2 emission

Renewable energy
consumption, trade,
urbanization, &
financial development

107 countries

1980 – 2010

Dynamic OLS
(DOLS)

Inverted U-shape for Central &
Eastern Europe, Western Europe,
East Asia & the Pacific, South
Asia, & the Americas
Monotonic increasing relationship
for the Middle East & North
Africa

Álvarez-Herranz &
Balsalobre Lorente (2016)

CO2 emission

Energy RD&D &
renewable energy
consumption

17 OECD countries

1990 – 2012

FEM

N-shape

Duan et al. (2016)

CO2 emission

FDI, population size,
energy consumption,
trade, the industrial

ASEAN-5

1981 – 2011

Quantile
regression

Monotonic increasing for the 10th
to 70th quantile

$23,199.17 &
$70,446.32
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U-shaped for the 95th quantile

structure, & financial
development
Zhang et al. (2016)

CO2 emission

Corruption, democratic
accountability, trade,
population size, &
urban population

19 APEC countries

1992 – 2012

Quantile
regression

Inverted U-shape, the shape is
however only significant for the
10th quantile

Note: OLS: ordinary least squares; GLS: generalized least squares; FEM: fixed effects model; REM: random effect model
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Table 12 - Country classification
Lower-middle-income countries

Upper-middle-income countries

High-income countries

Armenia
Bangladesh
Egypt, Arab Republic
Guatemala
India
Indonesia
Kenya
Mongolia
Pakistan
Philippines
Sri Lanka
Tajikistan
Tunisia
Ukraine
Uzbekistan
Vietnam
Zambia

Algeria
Argentina
Belarus
Brazil
Bulgaria
China
Colombia
Ecuador
Georgia
Iran, Islamic Republic
Kazakhstan
Macedonia, FYR
Malaysia
Mexico
Peru
Romania
Russian Federation
South Africa
Thailand
Turkey

Australia
Austria
Belgium
Canada
Chile
Croatia
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Israel
Japan
Korea, Republic
Latvia
Lithuania
Luxembourg
Netherlands
New Zealand
Norway
Poland
Portugal
Saudi Arabia
Singapore
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
United Kingdom
United States
Uruguay
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Appendix B
Table 13 - Balanced data pooled OLS
Explanatory
variables

Total sample

Lower MIC

Upper MIC

HIC

GDP

5.745***
(1.345)

49.580***
(13.251)

6.677
(19.232)

43.649***
(14.606)

GDP2

-0.515***
(0.153)

-6.752***
(1.821)

-0.576
(2.344)

-4.201***
(1.431)

GDP3

0.016***
(0.006)

0.309***
(0.083)

0.015
(0.095)

0.135***
(0.047)

REN

-0.258***
(0.012)

-0.478***
(0.017)

-0.411***
(0.025)

-0.142***
(0.016)

R&D

0.077***
(0.008)

0.217***
(0.013)

0.110***
(0.014)

0.057***
(0.010)

TRD

0.262***
(0.030)

-0.122**
(0.053)

0.371***
(0.040)

0.151***
(0.043)

INS

-0.011*
(0.006)

-0.062***
(0.008)

0.037***
(0.009)

-0.006
(0.026)

Intercept

-21.290

-121.340

52.416

-150.600

Observations

1045

171

323

551

Countries

55

9

17

29

R2

0.820

0.956

0.692

0.527

Adjusted R2

0.819

0.954

0.685

0.521

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. Standard errors are
presented in the parentheses.
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Table 14 - Pooled OLS when excluding REN
Explanatory
variables

Total Sample

Lower MIC

Upper MIC

HIC

GDP

Intercept

1.574
(1.333)
0.010
(0.153)
-0.005
(0.006)
0.128***
(0.009)
0.414***
(0.030)
-0.043***
(0.005)
-12.274

28.976
(25.769)
-4.011
(3.625)
0.189
(0.169)
0.297***
(0.023)
0.575***
(0.093)
-0.057***
(0.014)
-75.068

-17.185
(25.607)
2.413
(3.123)
-0.107
(0.127)
0.083***
(0.018)
0.565***
(0.051)
-0.054
(0.009)
36.283

32.389***
(11.145)
-3.109***
(1.106)
0.100***
(0.036)
0.069***
(0.009)
0.157***
(0.034)
-0.044***
(0.007)
-111.836

Observations

1406

323

380

703

Countries

74

17

20

37

R2

0.754

0.563

0.472

0.394

Adjusted R2

0.753

0.555

0.464

0.389

GDP2
GDP3
R&D
TRD
INST

Notes: ***, ** & * indicate significant p-values at the 1 %, 5 %, and 10 % level, respectively. Standard errors are
presented in the parentheses.

Table 15 - VIF test
Variables

VIF

GDP

3.123

REN

1.554

R&D

1.536

TRD

1.368

INS

2.655
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